Abstract This study examines the effects of number and sex of siblings on malnutrition of boys and girls under-5 in South Asia. Cross-sectional analyses were conducted on Demographic and Health Surveys data on children under-5 in Bangladesh (N = 7,861), India (N = 46,655) and Nepal (N = 2,475). Data were pooled across countries, and multinomial logistic regression was used to assess the relationship between number and sex of siblings and malnutrition outcomes (wasting, stunting, underweight; based on anthropometric data), adjusting for country and key social and maternal-child health indicators in sex stratified analyses. Number of brothers increased the odds for severe wasting [1 vs. 0 brothers adjusted odds ratio (AOR) = 1.31, 95 % CI = 1.11, 1.55; 2 vs. 0 brothers AOR = 1.36, 95 % CI = 1.07, 1.73] for girls but not boys. Having more male siblings and more female siblings increased the odds of stunting for boys and girls, but effect of 3? sisters on severe stunting was significantly stronger for girls than boys (girls-3? vs. 0 sisters AOR = 2.25, 95 % CI = 1.88, 2.70; boys-3? vs. 0 sisters AOR = 1.37, 95 % CI = 1.13, 1.67). For underweight, three or more sisters increased the odds for severe underweight for girls (AOR = 1.27, 95 % CI = 1.04, 1.57) but not boys. Having brothers heightens girl risk for acute malnutrition (wasting), where having multiple sisters increases girl risk for chronic malnutrition (stunting/underweight). Boy malnutrition is less affected by siblings. Findings suggest that issues of son preference/ daughter aversion may affect child malnutrition in South Asia.
Introduction
Globally, an estimated 165 million children under-5 years of age (26 % of all under-5 children) are stunted, 52 million (8 % of all under-5 children) are wasted, and 100 million (16 % of all under-5 children) are underweight [1] . Malnutrition accounts for 35-45 % of deaths to children under-5, worldwide [2, 3] . Children in South Asia are disproportionately at risk, with 37 % stunted (short height for age), 15 % wasted (less weight for height) and 30 % underweight (less weight for age) [1] . Poverty, rural residence, and family size are primary contributors to child malnutrition [1, 3, 4] . Recommendations to alleviate the issue focus on improved access to nutritious food for mother and child, reduction in infectious disease, and maternal empowerment efforts [5] . However, reduction of differential vulnerability of girls is also likely needed, at least in the context of South Asia, where 'son preference' (i.e., preferred treatment/opportunity for boys over girls) has been described extensively [6] [7] [8] [9] [10] and blamed for the millions of ''missing'' girls in the population [11, 12] . Given the issue of son preference and the fact that South Asia is the only world region with higher under-5 mortality for girls than boys [13] , gendered effects of siblings may be a factor in regional child malnutrition.
Research from South Asia and elsewhere document that greater numbers of siblings and later birth order increase risk for child malnutrition, particularly stunting [14] [15] [16] [17] , due to greater food insecurity in such contexts. Birth spacing also compromises risk for young children, with those born in close proximity (\2 years) to a prior birth being more vulnerable to stunting, though again, not wasting [16, [18] [19] [20] [21] [22] [23] [24] [25] [26] . These sibling-related factors should be of equivalent concern for both boys and girls, but a recent study from rural India found that greater number of siblings affected girl but not boy malnutrition [27] , suggesting that these factors should be reviewed more carefully by sex.
Nationally representative data from the region indicate little to no differentiation in feeding practices by sex [28] and the only sex difference in malnutrition rates is boys' greater risk for wasting than girls [29, 30] . Studies from India do, however, indicate that boys are less likely than girls to be stunted when all older living siblings are girls (i.e., when boys are in short supply), but more likely when all older siblings are boys (i.e., when girls are in short supply) [17, 29] . These findings suggest a complexity where birth order and number and sex of siblings contribute to malnutrition differentially for boys and girls, and more in situations of acute rather than chronic malnutrition (i.e., stunting rather than wasting). Prior analyses, however, were restricted to India and used data that are now more than a decade old. Thus, the purpose of this study is to examine associations of sibling indicators (birth order, birth spacing between siblings, and number and sex of siblings) and under-5 malnutrition, and whether these associations are similar for boys and girls in South Asia.
Methods

Data Source and Sample
This analysis used data from the most recent Demographic and Health Surveys (DHS) in Bangladesh (2011), India (2005-06) and Nepal (2011). The DHS are nationallyrepresentative, two-stage, stratified sample surveys designed to collect standardized information on population health and nutrition [31] . These countries were selected based on their very high rates of child malnutrition [1] , documented son preference and its effect on child survival [28, 32] , and availability of a standard DHS completed in 2005 or later that included anthropometric data (i.e., height and weight measurement) for children under-5. As part of the DHS, individual interviews were conducted with women of reproductive age in selected households, and all children under-5 years of age living in the selected households were eligible to have height and weight measurements taken [33] [34] [35] . Eligible women response rates were over 94 % in all countries. This analysis utilized data from children under-5 years of age living in selected households who provided valid anthropometric data (Bangladesh N = 7,861; India N = 46,655; Nepal N = 2,475), and whose mothers were ever-married, and had completed an individual interview (Bangladesh n = 7,639; India n = 41,265; Nepal n = 2,335). This sample therefore included 97 % of children who had anthropometric measurements recorded in Bangladesh, 88 % in India and 94 % in Nepal-90 % of all available data from these countries. Ethical approval for survey design and implementation was obtained from Measure DHS and the respective host country. Ethical approval for this analysis was provided by the University of California, San Diego Institutional Review Board.
Measures
Child malnutrition was assessed by three indices: weight for height (wasting), height for age (stunting) and weight for age (underweight) and categorized as not present (C-2 and B6 standard deviations from the median of the international reference population), moderate (\-2 and C-3 standard deviations from the median of the international reference population) or severe (\-3 and C-6standard deviations from the median of the international reference population [1, 36] . Malnutrition measures are presented for the overall population, as well as sex stratified. Sibling factors included birth order of index child (firstborn, second, third or higher), duration of the preceding birth interval (\24 vs. 24 months/firstborn; selected based on its association with low birth weight which can affect chronic malnutrition indicators) [1] , and number of living brothers and, separately, number of living sisters of the index child (0, 1, 2, 3?).
Covariates included indicators at the level of household, mother and child that have demonstrated an association with child malnutrition [1] [2] [3] , to address potential confounders in the regression models. Household covariates were country, wealth quintile, [37] and urban/rural residence. Maternal covariates included maternal age at marriage (\18, C18 years), maternal age at birth of index child (B17, 18-19, 20-24, 25-34 and 35-49) , maternal education (categorized into none, any primary, any secondary or higher), and maternal body mass index (BMI). Maternal BMI was calculated only for women who were not currently pregnant and had not given birth within the past 2 months, and was categorized into severely thin (BMI \16) and not severely thin (BMI C16) [38] . Child-level covariates included sex, age (in years), and whether the index child reported diarrhea in the 2 weeks prior to the survey (yes/no).
Data Analysis
All outcome variables were nominal, with three categories (none, moderate and severe). Children under-5 years of age were the unit of analysis for all models. Data were pooled across countries, and multinomial logistic regression was used to assess the relationship between independent variables and malnutrition outcomes. All models violated the proportional odds assumption; therefore ordinal logistic regression was not appropriate. Each of the nine malnutrition outcomes had a separate multinomial model fitted using all covariates, with two exceptions: (1) sex of child was excluded from sex stratified analyses of malnutrition outcomes, and (2) age of child was excluded from stunting and underweight analyses, as it is included in the calculation of the outcome. No collinearity was present in any of the nine models using a tolerance cutoff of 0.30. Reduced models were then constructed through manual backwards elimination with a p \ 0.10 cutoff point; consequently, different models may have different covariates. Reduced models were used to create more parsimonious models given small cell sizes for some outcomes, particularly in the case of sex stratified analyses. All analyses were adjusted for complex survey design and weighted with individual weights that adjusted for country population sizes [31, 39] . All analyses were conducted in SAS v 9.3.
Results
Across the samples from the three countries of focus, 11-20 % of children under 5 suffered from wasting, 40-48 % of children were stunted, and 29-43 % were underweight. (See Table 1 .) Children living in India consistently demonstrated the highest rates of wasting, stunting and underweight, but also included older data than was not significant. Number of siblings, regardless of sibling sex, had no effect, and thus, these variables were dropped from analyses. In sex stratified analyses, later birth order and shorter birth spacing were protective against wasting for boys but not girls. For girls but not boys, number of brothers increased risk for severe wasting (1 vs. 0 brothers AOR = 1.31, 95 % CI = 1.11, 1.55; 2 vs. 0 brothers AOR = 1.36, 95 % CI = 1.07, 1.73). The variable 3? versus 0 brothers showed no significant effect on severe wasting, but this was likely due to small number of participants with three or more brothers. Notably, covariates at the levels of household, maternal, and child levels were retained in final models to predict wasting, with the exception of age of mother at birth. Table 3 .) Similar results were seen for severe stunting. Covariates at the household and maternal levels, but not child level, were retained in final models to predict stunting. Unlike with wasting, these included age of mother at birth, with births to youngest mothers being at greatest risk for both moderate and severe stunting. Sex stratified analyses to predict moderate and severe stunting yielded comparable effects for males and females to that seen for the total sample. However, effect of 3? sisters on severe stunting was significantly stronger for girls than boys (girls-3? vs. 0 sisters AOR = 2.25, 95 % CI = 1.88, 2.70; boys-3? vs. 0 sisters AOR = 1.37, 95 % CI = 1.13, 1.67), based on magnitude of effect sizes and non-overlapping confidence intervals. Household and maternal level covariates were retained in the models.
Associations Between Sibling Effects and Underweight Based on Reduced Models
For the total sample, shorter birth spacing (AOR = 1.08, 95 % CI = 1.00, 1.17), having more male siblings (1 vs. 0 Table 4 .) Similar results were seen for severe underweight, though there was a positive association seen in terms of effects on 3? versus 0 brothers (AOR = 1.25, 95 % CI = 1.05, 1.50) and sisters (AOR = 1.25, 95 % CI = 1.05, 1.50), not seen for moderate underweight. Higher birth order (3? position vs. 1st born AOR = 1.29, 95 % CI = 1.10, 1.50) also was associated with severe, but not moderate, underweight for the total sample. Covariates at the levels of household, maternal, and child (notably diarrhea but not age of child) were retained in final models to predict stunting. Children born to the youngest mothers were again at greatest risk for both moderate and severe underweight. Sex stratified analyses to predict moderate and severe underweight revealed that, of measured sibling effects, only birth order was associated with moderate underweight for boys (2nd position vs. 1st born AOR = 1.22, 95 % CI = 1.09, 1.35; 3? position vs. 1st born AOR = 1.46, 95 % CI = 1.49, 1.65); comparable findings were seen for severe underweight in boys. For girls, birth spacing (AOR = 1.14, 95 % CI = 1.02, 1.28) and effects for number of female siblings were seen on moderate underweight (1 vs. 0 sisters AOR = 1.19, 95 % CI = 1.08, 1.31), as well as severe underweight (birth spacing AOR = 1.24, 95 % CI = 1.09, 1.43; 3 vs. 0 sisters AOR = 1.27, 95 % CI = 1.04, 1.57). Also among girls, higher birth order was associated with severe but not moderate underweight (3? position vs. 1st born AOR = 1.46, 95 % CI = 1.22, 1.75). Notably, for boys, household, maternal and child (again, only diarrhea) level covariates were retained in final models to predict underweight; for girls, only household and maternal level factors were retained as covariates.
Discussion
Findings from this study document the importance of gendered effects of siblings on child malnutrition in South Asia. For wasting, the form of malnutrition most likely to result in child mortality [40] , higher birth order heightened risk where low birth spacing was protective, with no effects seen for number or sex of siblings. However, sex stratified analyses revealed that, though similar findings were retained for males, female wasting was more likely among girls with brothers. Such findings may be explained by preferential feeding or better hygiene (i.e., disease protection) of brothers as compared to their sisters, which may indicate lower value placed on girls. Protective aspects of low birth spacing against severe wasting for boys but not girls may also be indicative of preferential care of boys. Prior research in South Asia documents that non-use of contraception and subsequent low birth spacing are more likely in contexts where a boy child is desired (i.e., son preference) [41, 42] . Preferential vaccination of boys has also been documented in India [43] . Hence, for boys, previous low birth spacing may be a marker for son preference, and this may explain why it is protective against wasting for boys but not girls. Such gendered findings of sibling effects on wasting have not previously been identified, though similar findings have been seen for stunting in India, where boys were protected against stunting if born after girls [17, 29] but more vulnerable if born after boys [29] . Notably, these findings did not hold true for stunting in the current analyses.
Stunting, both moderate and severe, is significantly more likely in the context of low birth spacing and greater number of siblings, regardless of sex of the siblings. Similar findings have been well documented in prior research [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , providing further support of the likely importance of contraception as a means of not only limiting family size and extending birth spacing, but also reducing child malnutrition in the region. Sex differences in sibling effects on stunting are less clear. As noted above, prior research from India suggests differential effects of number and sex of siblings on stunting [17, 27, 29] . While this was largely not observed in current analyses, results did reveal that the effect of having three or more sisters on severe stunting was significantly stronger for girls than boys, and among girls, this effect was also stronger than that seen for having three or more brothers. Hence, being another girl in a household with many daughters poses greater risk for chronic malnutrition than that seen for boys with many sisters or brothers, or girls with many brothers. These findings are again consistent with prior research from India documenting greater desire for multiple sons but not multiple daughters [41] .
Results related to underweight reflect similarities with those observed for stunting. Specifically, shorter birth spacing and greater number of brothers and sisters heighten risk for moderate and severe underweight, as does higher overall birth order. However, sex stratified analyses revealed that, for boys, only birth order remains a risk factor for underweight, where for girls, birth spacing and number of sisters heighten risk for this outcome. As with stunting, girls with three or more sisters are at significantly greater risk for severe underweight, where no effect is seen for girls with brothers or boys with brothers or sisters. Again, similar to stunting, girls with a larger number of sisters are more vulnerable to malnutrition, suggesting that daughter aversion-i.e., the desire not to have daughters, as well as son preference, compromise girl health in South Asia, a finding seen in prior research from India [41, 42] . These findings may help explain the higher child survival rates for boys relative to girls in India [13] and, relatedly, the sex ratio imbalance in that country [44] . Such findings reinforce the importance of integrating gender empowerment efforts (e.g., improved education and economic opportunity for women and girls) with food security approaches to reduce child malnutrition in South Asia, and highlight the need for efforts to support the girls and increase norms of gender equity across children [5] . Altering social norms related to son preference and daughter aversion may be very important to eliminate sex differences in sibling effects on malnutrition observed in the current study.
In addition to the hypothesized findings related to gendered effects of siblings on child malnutrition, they also document the importance of household and maternal equity indicators as contributors of risk. Consistent with prior research [1, 3, 4, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , poverty, rural residence, low or no maternal education, and low maternal BMI were consistent risk factors for boys and girls. Importantly, however, this research clarifies that maternal vulnerabilities around pregnancy, such as young maternal age at pregnancy and, as noted earlier, low spacing between childbirths are a concern for chronic though not acute malnutrition, likely because these effects are markers for persistent nutritional and health risk, rather than short-term food insecurity or infectious disease. Such findings are consistent with prior research on maternal age at marriage and childbirth [45, 46] , as well as research on other indicators of maternal and child vulnerability, such as spousal violence [11] , which also was associated with stunting but not wasting [47, 48] as well as maternal malnutrition [49] .
This study should be considered in light of certain limitations. Malnutrition indicators are subject to identifying individuals who may not malnourished but simply are genetically shorter or lower weight; the variables are none the less based on international definitions that have been linked to poor health outcomes and child mortality [1, 2] . Sibling variables did not ascertain age or household presence, and effects of non-sibling males in the context of joint families were not assessed as well. Data utilized were the most recent data available for countries of focus, but were not collected in identical timeframes. Covariates were designed to adjust for social inequities but were not able to include indicators of health care access for the child over the course of his/her life. Spousal violence, previously documented to be associated with stunting [47, 48] and survival [11] , was unable to be included in analyses as these data were not available for all nations of focus. Data were pooled and cannot be assumed to be consistent with individual nations of focus; small cell sizes inhibit comparable nation-level analyses. All data sources are cross-sectional and observational, and therefore no attributions of causality can be made. Finally, DHS data are susceptible to social desirability and recall bias; the latter should be minimized due use of data on most recent births among births in the past 5 years.
Conclusion
Findings from this study document differential effects of siblings on child malnutrition for boys and girls in South Asia. Brothers confer increased risk for acute malnutrition of girls, and multiple sisters confer increased risk for girls being underweight and severe stunting. Presence of siblings had no effect on wasting or underweight for boys, and while more siblings increased risk for stunting among boys, sex of siblings did not produce differential effects. Sex differences in effects were also seen for inadequate spacing between births, with this factor being protective against wasting for boys but not girls, and heightening risk for underweight for girls but not boys. Results of this study suggest differential treatment and nutritional access for girls relative to boys based on number and sex of siblings may be occurring in South Asia, advantaging boys over girls. Programs to improve nutritional access may need to account for these gendered concerns to better address child malnutrition in the region.
